ABSTRACT
INTRODUCTION
Onychomycosis refers to a fungal infection that affects the toenails or the fingernails (1) . It is the most common nail disorder and is present in 2% to 13% of general population increasing up to 48% by 70 years of age (2) . The incidence of onychomycosis has been rising sharply over the last few years. This is due to an increase in the number of immunocompromised patients, the extensive use of immunosuppressive chemotherapy and broadspectrum antibiotics, the population aging, avid sport participation is increasing the use of health clubs, commercial swimming pools and occlusive foots wears for exercise (3) . Treatment of onychomycosis is expensive. It requires long-term therapy with an oral antifungal medication with potential side effects. Therefore, a proper diagnosis of infection is needed (4) . Direct microscopic examination of nail material is often sufficient for the diagnosis of a fungal infection but does not provide genus or species identification and hence does not differentiate unquestionably between dermatophytes and other molds. Furthermore, although rapid and economical, this technique gives false-negative results in 5 to 15% of the cases
(5).
Conventionally, a definitive diagnosis depends on culture isolation. The culture is, however, negative in up to 40% of the microscopy-positive cases and is timeconsuming due to the slow growth and sporulation of the causative organisms and the need for additional physiological tests (6) . Culture requires up to 3 to 4 weeks to obtain typical macroscopic and microscopic features for specific dermatophyte identification (7) . This method is often associated with poor sensitivity and delayed results (8) . Application of extraction of DNA directly from nail specimens and a nested PCR-based diagnosis of any dermatophyte and/or T. rubrum with increased sensitivity compared to conventional diagnostic procedures allow for the first time integration of a molecular biologybased method into the routine examination of nail dermatophytosis also for diagnostic laboratories receiving specimens on a larger scale (9) .
Aim of the work:
This work aimed to compare nested PCR using novel primers targeting the pandermatophyte-specific sequence of the chitin synthase 1 gene (CHS1) with KOH microscopy and culture isolation for diagnosis of clinically suspected onychomycosis
SUBJECTS AND METHODS

Subjects:
This study was conducted during the period from December, 2012 to October 2013. Forty patients attending Outpatient Dermatology and Andrology Clinic in Benha University Hospital were enrolled in this study with clinically suggestive symptoms and signs of onychomycosis (discoloration, thickening, foulsmelling debris, subungual keratosis, onycholysis, longitudinal and transverse grooves, sulcated nail, pitting, brittle nail, cracks, crumble or friable nail).
Methods: A-Samples:
The suspected nails were cleaned with 70% alcohol to remove contaminants, Scrapings were taken with a sterile scalpel blade and collected in a sterile clean paper, the collected specimens were sent to the Mycology Unit, Medical Microbiology and Immunology Department at Faculty of Medicine, Benha University.
B-Mycological investigation:
The collected specimens were divided into three portions. [1] The first portion of the specimens was examined microscopically using 20% KOH. [2] The second portion was cultured on into two sets of media: SDA containing chloramphenicol(0.5%) with/without cycloheximide (0.5%). [3] DNA extraction was performed on the third portion of specimen. C-Molecular detection of fungal DNA by PCR: 1-Genomic DNA extraction from nail samples by using animal and fungi DNA preparation kit (Thermo Scientific, Germany). 2-For each of the samples, two sets of single PCR were performed. First-round PCR was performed using dermatophyte-specific chitin synthase 1 gene (CHS1). The sequences of the primer CHS1 1S primer were (5′-CAT CGA GTA CAT GTG CTC GC-3′; nucleotides [nt] 70 to 89).
The sequences of the CHS1 1R (5′-CTC GAG GTC AAA AGC ACG CC-3′; nt 485 to 504).
Nested PCR was done by designing a novel set of primers, JF2 and JR2. This was done using the following primers: JF2 (5′-GCA AAG AAG CCT GGA AGA AG-3′; nt 111 to 130) JR2 (5′-GGA GAC CAT CTG TGA GAG TTG-3′; nt 378 to 398). PCR amplification: Procedure:
For a total 50 µl reaction volume, the following materials were added in a thin walled PCR tube: -25 µl of Taq PCR Master Mix( Taq DNA polymerase, PCR buffer, dNTPs, and magnesium chloride (MgCl2) (Fermentas). After being briefly vortexed to avoid localized differences in salt concentration. -The primer solutions (Bioneer) were thawed and mixed well before use. 2.5 µl of each primer (sense and antisense) was added to the PCR tube. -10 µl of template DNA was added to each tube. Followed by one cycle at 72°C for 15 min as final extension step. -A reagent blank, which contained all components of the reaction mixture with the exception of template DNA (which was substituted with sterile distilled water), was included in every PCR procedure. -The samples were then stored at -20˚C.
The running conditions of nested PCR were similar to the first-round PCR except that an annealing temperature of 52°C was used. 3-Agarose gel electrophoresis: DNA fragments were loaded into 2% agarose gel and visualized by ethidium bromide staining.
RESULTS
This study was conducted during the period from December, 2012 to October 2013. Forty patients attending Outpatient Dermatology and Andrology Clinic in Benha University Hospital.
A total number of 40 patients who were clinically suspected of having onychomycosis were included in the study. The age of the study population ranged between 22 and 77 year. The study population comprised 25 males and 15 females. Urban participants represented 21 cases of the study population while rural participants represented 19 cases. (table 1) Patients with anaemia represented 35% of study population while those with DM, PVD and trauma accounted for 27.5%, 20% and 12.5% respectively. Patient with associated nail disease accounted for 47.5% of study population. Patients who reported that they received treatment represented 37.5% of the study population. (table 2) Of the 40 patients with clinically suspected cases of onychomycosis, 82.5% (33/40) were positive for fungal elements by KOH microscopy. Dermatophytes were detected in 65% (26/40) of the cases by nested PCR and isolated in 37.5% (15/40) of the cases by culture. Nondermatophytic molds were isolated in 10% (4/40). (table 3) The proportion of patient with positive fungual culure was lower than the proportion of patient with positive fungal element on direct KOH microscopy (47.5% vs. 82.5% respectively). This difference was of significance (P = 0.001). (table 4) The proportion of patient with positive nested PCR for dermatophyte was higher than the proportion of patient with positive fungal culture for dermatophyte (65% vs. 37.5% respectively). This difference was statistically significante (P=0.01) .(table 5) 
DISCUSSION
Because onychomycosis can be caused by several pathogens giving appearance that may be indistinguishable clinically, it is essential that the causative organism is positively identified so that the appropriate course of treatment will be initiated (10) . KOH test is easy-performed and economic, but the sensitivities are inconsistent. Factors that influence the sensitivity of KOH test include inadequate sampling, different sampling methods, and experience of the doctors (11) . KOH procedure is only a screening test for the presence or absence of fungi and can't identify the type or the species (11) . Fungal culture can identify specific pathogen but it takes a long incubation period. The false negative rate of fungal culture is approximately 30% and the sensitivity was about 60% (12) . In the present study , the number of positive samples for fungi were 33 (82.50%) samples by 15% KOH microscopic examination which is in accordance with Pontes et al. (13) 
(68.7%) were higher; this may be due to selection and large number of cases.
Dermatophytes were detected in 15 (37.50%) samples of positive cultures and they were of T.Mentagrophytes and T.rubrum species.
NDMs represent the second common isolated organisms constitute 10.00% (4 samples). Aspergillus species detected in all these 4 samples of positive culures representing the only isolated NDMs.
Nested PCR was done for the 40 nail samples using douple sets of primers. Nested PCR was positive in 26 (65.00%) nail samples.
In agreement with results of our study, Arca et al. (19) found that 40(77%) out of 52 specimens were positive by KOH microscopic examination, 12(23%) by culture and 20 (38%) by PCR.
In our study, mycological culture was chosen as the reference method to assess the performance of each test. The sensitivity, specificity, accuracy, PPV and NPV of the used tests were assessed. PCR, and KOH have 73.33% and 80% sensitivity respectively. The specificity was 40 % and 16 % for PCR and KOH respectively. This is in harmony with Winter et al. (20) who calculated the diagnostic sensitivity of the PCR assay as 79.0%.
In the past few years several molecular methods for the detection and identification of dermatophytes from clinical samples have been developed. Major difficulties of PCR methods are that it requires training, sophisticated equipments and standardization and it is also expensive (19) . On the other hand, it is not only sensitive and specific, but also has the potential to decrease the time taken for the laboratory identification of pathogens that grow slowly or are difficult to culture .By the use of PCR, reliable rapid results within 24 hours in contrast to the 21 days of incubation required for the isolation of dermatophytes by culture. 
